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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolytic solution 
excellent in charge/ discharge characteristics, load characteristics, and 
low-temperature characteristics, and a secondary battery using the same. 

SOLUTION: This nonaqueous electrolytic solution is composed of a nonaqueous 
solvent containing a compound including a cyanoethyl group expressed by a 
general expression [1] and an electrolyte. The expression [1] is 
RO(R'0)nCH2CH2CN. In the expression [1], R is hydrogen, a hydrocarbon group of 
1C to 10C, or a cyanoethyl group, R is an alkylene group of 1C to 4C, and (n) 
is an integer of 0 to 30. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Nonaqueous electrolyte characterized by consisting of a non-aqueous solvent containing the compound 
containing the cyano ethyl group expressed with a general formula [1], and an electrolyte. 
RO(RO)nCH2CH2CN [1] 

(R is the hydrocarbon group or cyano ethyl group of hydrogen and carbon numbers 1-10 among a formula [1], R' is the 
alkylene group of carbon numbers 1-4, and n is the integer of 0-30) 

[Claim 2] Nonaqueous electrolyte according to claim 1 characterized by the compounds expressed with said general 
formula [1] being one which is expressed with the following chemical formula of compounds. 

CH30CH2CH2CNNCCH2CH20CH2CH2CNCH3CH20CH2CH2CNCH30CH2CH20CH2CH2CNNCCH2CH20CH 
— [Claim 3] Nonaqueous electrolyte according to claim 1 characterized by the aforementioned non-aqueous solvent 
containing the cyano ethyl derivative expressed with said general formula [1], and the annular carbonate and/or chain- 
like carbonate expressed with a general formula [2a] or [2b]. 
[Formula 1] 

[2a] [2b] 

(Rl and R2 show a hydrogen atom or the alkyl group of carbon numbers 1-6 among a formula [2a] or [2b], and even if 
Rl and R2 are the same, they may differ.) 

[Claim 4] Nonaqueous electrolyte according to claim 3 to which the annular carbonate expressed with said general 
formula [2a] or [2b] is characterized by being propylene carbonate or butylene carbonate. 

[Claim 5] Nonaqueous electrolyte according to claim 3 to which said chain-like carbonate is characterized by being 
either dimethyl carbonate, diethyl carbonate or methylethyl carbonate. 

[Claim 6] Nonaqueous electrolyte according to claim 1 to which the cyano ethyl derivative expressed with said general 
formula [1] is characterized by being contained at least 0.001% of the weight or more in a non-aqueous solvent. 
[Claim 7] Nonaqueous electrolyte according to claim 1 characterized by an electrolyte being lithium salt. 
[Claim 8] The rechargeable battery containing nonaqueous electrolyte according to claim 1 to 2. 
[Claim 9] The rechargeable lithium-ion battery characterized by including a metal lithium, a lithium content alloy, the 
negative electrode containing either of the carbon materials in which the dope and dedope of a lithium ion are possible, 
the positive electrode that contains either the multiple oxide of a lithium and transition metals, carbon materials or such 
mixture as positive active material, and the nonaqueous electrolyte of claim 1 thru/or 2 publications either as a 
negative-electrode active material. 

[Claim 10] The rechargeable lithium-ion battery according to claim 9 with which spacing distance (d002) in the field 
(002) which the carbon material in which the dope and dedope of said lithium ion are possible measured by X-ray 
analysis is characterized by being 0.340nm or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to nonaqueous electrolyte excellent in the charge-and-discharge property, 
and the rechargeable battery using it. It is related with the nonaqueous electrolyte suitable for the lithium secondary 
battery containing the compound which contains a cyano ethyl group in a detail more, and the rechargeable battery 
using it. 
[0002] 

[Background of the Invention] The cell using nonaqueous electrolyte is a high voltage, and has the high energy 
consistency, and since dependability, such as keeping, is high, it is widely used as a power source of consumer 
electronics. 

[0003] There is a nonaqueous electrolyte rechargeable battery as such a cell, and the typical existence is a rechargeable 
lithium-ion battery. As a non-aqueous solvent used for it, the carbonate compound with a high dielectric constant is 
known, and use of various carbonate compounds is proposed. Moreover, as the electrolytic solution, the solution which 
mixed electrolytes, such as LiBF4, LiPF6, LiC104, LiAsF6, LiCF3S03, and Li2SiF6, is used for the mixed solvent of 
said high dielectric constant carbonate compound solvents, such as propylene carbonate and ethylene carbonate, and 
hypoviscosity solvents, such as diethyl carbonate. 

[0004] On the other hand, research of an electrode is also advanced aiming at high-capacity-izing of a cell, and the 
occlusion of a lithium and the carbon material which can be emitted are used as a negative electrode of a rechargeable 
lithium-ion battery, especially high crystallinity carbon, such as a graphite, has flat discharge potential — etc. ~ it is 
adopted from having the description as a negative electrode of most rechargeable lithium-ion batteries by which current 
marketing is carried out. 

[0005] When using high crystallinity carbon, such as a graphite, for a negative electrode and the propylene carbonate 
which is a high dielectric constant solvent with a low freezing point as a non-aqueous solvent for the electrolytic 
solutions, and 1 and 2-butylene carbonate are used, the reductive cleavage of a solvent occurs at the time of charge, and 
the insertion reaction to the graphite of the lithium ion which is an active material will hardly advance, and stops 
however, achieving the function of the electrolytic solution. The result, especially first-time charge-and-discharge 
effectiveness fall extremely. 

[0006] For this reason, as a non-aqueous solvent of a high dielectric constant used for the electrolytic solution, although 
it is a solid-state in ordinary temperature, the attempt which suppresses the reductive cleavage of a non-aqueous solvent 
is made by mixing the ethylene carbonate in which reductive cleavage cannot occur easily continuously to propylene 
carbonate. In order to improve the viscosity property of a non-aqueous solvent furthermore in addition to control of 
reductive cleavage, devise how with a hypoviscosity solvent to combine, various additives are added, or restricting the 
content of the propylene carbonate in the electrolytic solution etc. is proposed. Although improvement in the charge- 
and-discharge property of a cell and a low-temperature property has been achieved by these cures, in current, the 
electrolytic solution of high performance is called for more. 
[0007] 

[Problem(s) to be Solved by the Invention] In order to respond to the aforementioned request, even if this invention is 
the case where high crystallinity carbon, such as a graphite, is used for a negative electrode, the reductive cleavage of a 
solvent is controlled and it aims at offer of the nonaqueous electrolyte which gives charge-and-discharge effectiveness, 
a load characteristic, and a low-temperature property excellent in the cell. Moreover, it aims at offer of the rechargeable 
battery containing this nonaqueous electrolyte. 
[0008] 
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[Means for Solving the Problem] The nonaqueous electrolyte concerning this invention is related with the nonaqueous 
electrolyte which consists of a non-aqueous solvent containing the compound containing the cyano ethyl group 
expressed with the following general formula [1], and an electrolyte. 
RO(R'0)nCH2CH2CN [1] 

[0009] (R is the hydrocarbon group or cyano ethyl group of hydrogen and carbon numbers 1-10 among a formula [1], 
R' is the alkylene group of carbon numbers 1-4, and n is the integer of 0-30.) 

[0010] Moreover, if the aforementioned non-aqueous solvent consists of a compound containing the cyano ethyl group 
expressed with said general formula [1], and the annular carbonate and/or chain-like carbonate expressed with the 
following general formula [2a] or [2b], further excellent nonaqueous electrolyte can be offered. 
[Formula 2] 



-ci 



[2a] " [2b] 

(Rl and R2 show a hydrogen atom or the alkyl group of carbon numbers 1-6 among a formula [2a] or [2b], and even if 
Rl and R2 are the same, they may differ.) 

[001 1] Furthermore, these nonaqueous electrolyte can be effectively used as the electrolytic solution for a primary cell 

or rechargeable batteries as it is nonaqueous electrolyte which the lithium salt as an electrolyte dissolved. 

[0012] This invention relates to the rechargeable battery which contains a metal lithium, a lithium content alloy, the 

negative electrode containing either of the carbon materials in which the dope and dedope of a lithium ion are possible, 

the positive electrode that contains either the multiple oxide of a lithium and transition metals, carbon materials or such 

mixture as positive active material, and said nonaqueous electrolyte as a negative-electrode active material again. 

[0013] 

[Detailed Description of the Invention] Next, the nonaqueous electrolyte concerning this invention and the nonaqueous 
electrolyte rechargeable battery using this nonaqueous electrolyte are explained concretely. The nonaqueous electrolyte 
concerning this invention consists of a non-aqueous solvent containing the compound containing a cyano ethyl group, 
and an electrolyte, and explains each in full detail. 

[0014] The compound expressed with the following general formula [1] as a compound containing the cyano ethyl 
group which a non-aqueous solvent is made to contain by compound this invention containing a cyano ethyl group is 
used. In addition, in this invention, a cyano ethyl group shows -CH2CH2CN. 
RO(R'0)nCH2CH2CN [1] 

(R is the hydrocarbon group or cyano ethyl group of hydrogen and carbon numbers 1-10 in a formula [1], and n is the 
integer of 0-30.) 

[0015] As R, specifically Hydrogen, a methyl group, an ethyl group, a vinyl group, a propyl group, An isopropyl group, 
1-propenyl radical, 2-propenyl radical, an methacrylic radical, 1-propynyl radical, 2-propynyl group, butyl, an isobutyl 
radical, sec-butyl, t-butyl, 1-butenyl group, 2-butenyl group, 3-butenyl group, A 2-methyl-2-propenyl radical, 1- 
methylene propyl group, a 1 -methyl-2-propenyl radical, 1, 2-dimethyl vinyl group, 1-butynyl radical, 2-butynyl radical, 
3-butynyl radical, A pentyl radical, 1 -methy lbuty 1 radical, 2-methylbutyl radical, 3-methylbutyl radical, The straight 
chain, branching alkyl group, or cyano ethyl groups of carbon numbers 1-10, such as 1 -methy 1-2-methylpropyl radical, 
2, and 2-dimethyl propyl group, other hexyl groups, an octyl radical, a nonyl radical, and a decyl group, can be 
mentioned. 

[0016] As R', it is the alkylene group of carbon numbers 1-4, and a methylene group, ethylene, a propylene radical, or a 
butylene radical can specifically be mentioned. 

[0017] The compound shown by the degree type can be mentioned as a concrete compound expressed with said general 
formula [1]. 

CH30CH2CH2CNNCCH2CH20CH2CH2CNCH3CH20CH2CH2CNCH30CH2CH20CH2CH2CNNCCH2CH20CH 
[0018] As a compound especially desirable also in these, it is CH30CH2CH20CH2CH2CN. The reductive cleavage of 
the non-aqueous solvent at the time of charge is controlled to the compound containing the cyano ethyl group 
expressed with said such general formula [1], and there is effectiveness of improving charge-and-discharge 
effectiveness in it. 

[0019] ** Water ** In the nonaqueous electrolyte concerning intermediation this invention, the non-aqueous solvent 
containing the compound containing the cyano ethyl group expressed with said general formula [1] is used. The 
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compound containing this cyano ethyl group can be used as the additive to the non-aqueous solvent generally used, or 
one solvent which constitutes a non-aqueous solvent. As for the compound containing a cyano ethyl group, it is 
desirable to be especially contained in 0.05 - 3 0% ofthe weight of an amount preferablj^Ol to 70% of the weight still 
more preferably 0. 01 to 99.5% of the weight 6.00T% of the weight or more to the whole (total quantity of the 
compound containing a cyano ethyl group and a non-aqueous solvent) non-aqueous solvent. It is desirable to use the 
non-aqueous solvent containing the annular carbonate and/or chain-like carbonate which are expressed with the 
compound, the following general formula [2a], or [2b] which contains the above-mentioned cyano ethyl group 
especially in this invention. 

[0020] The annular carbonate and/or chain-like carbonate which are expressed with the general formula [2a] or [2b] 
shown below as a non-aqueous solvent which can be used can be mentioned. 
[Formula 3] 



Rl and R2 show a hydrogen atom or the alkyl group of carbon numbers 1-6 among a formula [2a] or [2b], and even if 
Rl and R2 are the same, they may differ. In this, as an alkyl group, the alkyl group of carbon numbers 1-3 is desirable, 
and, specifically, can illustrate a methyl group, an ethyl group, and n-propyl group. 

[0021] Specifically, ethylene carbonate, propylene carbonate, 1, 2-butylene carbonate, 2, 3-butylene carbonate, 1, 2- 
pentene carbonate, 2, 3-pentene carbonate, vinylene carbonate, etc. are mentioned as an example of an annular 
carbonate expressed with said general formula [2a] or [2b]. Especially, a dielectric constant is high and propylene 
carbonate with low viscosity and freezing point is used suitably. Moreover, two or more sorts may use these annular 
carbonates, mixing. 

[0022] Specifically, dimethyl carbonate, methylethyl carbonate, diethyl carbonate, methylpropyl carbonate, methyl 
isopropyl carbonate, ethyl propyl carbonate, etc. are mentioned as a chain-like carbonate. Two or more sorts may use a 
these chains-like carbonate, mixing. 

[0023] If such a chain-like carbonate is contained in the non-aqueous solvent, it becomes possible to make viscosity of 
nonaqueous electrolyte low, and electrolytic solubility is raised further, it will consider as the electrolytic solution 
excellent in the electrical conductivity in ordinary temperature or low temperature, and things can be carried out. For 
this reason, a low-temperature property like the charge-and-discharge effectiveness of a cell and the charge-and- 
discharge effectiveness in low temperature, and the load characteristic in low temperature is improvable. 
[0024] When using the annular carbonate and/or chain-like carbonate which are expressed with said general formula 
[2a] or [2b] as a non-aqueous solvent The compound containing the cyano ethyl group expressed with said general 
formula [1] The non-aqueous-solvent whole containing it (with the compound containing the cyano ethyl group 
expressed with said general formula [1]) As opposed to the total quantity with the annular carbonate and/or chain-like 
carbonate which are expressed with said general formula [2a] or [2b] 0.001 % of the weight or more, It is preferably 
desirable to be especially contained in 0.05 - 30% of the weight of the amount preferably 0.01 to 70% of the weight 
still more preferably 0.01 to 99.5% of the weight. 

[0025] If the compound containing the cyano ethyl group expressed with said general formula [1] at such a mixed rate 
contains in the whole non-aqueous solvent containing it, the reductive cleavage of the solvent which happens at the 
time of charge can be suppressed low, and the improvement in the charge-and-discharge effectiveness of a cell and an 
improvement of a low-temperature property can be aimed at. moreover, the mixed rate ofthe annular carbonate and 
chain-like carbonate which are expressed with said general formula [2a] or [2b] in a non-aqueous solvent ~ a weight 
ratio - expressing - an annular carbonate :chain-like carbonate - 0:100-100:0 - desirable -- 5:95-95:5 - it is 20:80- 
85:15 especially preferably. 

[0026] Therefore, the desirable non-aqueous solvent concerning this invention contains the compound containing the 
cyano ethyl group expressed with said general formula [1], the annular carbonate expressed with said general formula 
[2a] or [2b], and/or said chain-like carbonate. Moreover, it is also possible to carry out mixed use of the solvent usually 
widely used as a non-aqueous solvent for cells further in addition to them. As an example ofthe solvent which can be 
used, specifically Methyl formate, ethyl formate, propyl formate, Methyl acetate, ethyl acetate, propyl acetate, methyl 
propionate, chain-like ester, such as ethyl propionate; phosphoric ester, such as trimethyl phosphate; the chain-like 
ether, such as dimethoxy ethane; cyclic ether [, such as a tetrahydrofuran, ]; - amides, such as dimethylformamide; 
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Chain-like carver mates, such as methyl-N and N-dimethyl carver mate; Cyclic ester, such as gamma-butyrolactone; 
Annular sulfones, such as a sulfolane; Annular carver mates, such as N-methyl oxazolidinone; Cyclic amide, such as N- 
methyl pyrrolidone; Annular urea, such as N and N-dimethyl imidazolidinone; 4 and 4-dimethyl-5-methylene ethylene 
carbonate, 4-methyl-4-ethyl-5-methylene ethylene carbonate, 4-methyl-4-propyl-5-methylene ethylene carbonate, 4- 
methyl-4-butyl-5-methylene ethylene carbonate, 4, and 4-diethy 1-5 -methylene ethylene carbonate, 4-ethyl-4-propyl-5- 
methylene ethylene carbonate, 4-ethyl-4-buty 1-5 -methylene ethylene carbonate, 4 and 4-dipropyl-5-methylene ethylene 
carbonate, 4-propyl-4-butyl-5-methylene ethylene carbonate, 4 and 4-dibutyl-5-methylene ethylene carbonate, 4, and 4- 
dimethyl-5-ethylidene ethylene carbonate, 4-methyl-4-ethyl-5-ethylidene ethylene carbonate, 4-methyl-4-propyl-5- 
ethylidene ethylene carbonate, 4-methyl-4-butyl-5-ethylidene ethylene carbonate, 4, and 4-diethyl-5-ethylidene 
ethylene carbonate, 4-ethyl-4-propyl-5-ethylidene ethylene carbonate, 4-ethyl-4-butyl-5-ethylidene ethylene carbonate, 
4, and 4-dipropyl-5-ethylidene ethylene carbonate, 4-propyl-4-butyl-5-ethylidene ethylene carbonate, 4 and 4-dibutyl- 
5-ethylidene ethylene carbonate, 4-methyl-4-vinyl-5-methylene ethylene carbonate, 4-methyl-4-allyl compound-5- 
methylene ethylene carbonate, 4-methyl-4-methoxymethyl-5-methylene ethylene carbonate, 4-methyl-4-acrylic 
oxymethy 1-5 -methylene ethylene carbonate, 4-methyl-4-aryloxymethyl-5-methylene ethylene carbonate, Which 
annular carbonate; 4-vinyl ethylene carbonate, 4, and 4-divinyl ethylene carbonate, Vinyl ethylene carbonate 
derivatives, such as 4 and 5-divinyl ethylene carbonate; 4-vinyl-4-methyl ethylene carbonate, 4-vinyl-5-methyl 
ethylene carbonate, 4-vinyl -4, 5-dimethyl ethylene carbonate, 4-vinyl -5, 5-dimethyl ethylene carbonate, 4-vinyl - 
Alkylation vinyl ethylene carbonate derivatives, such as 4, 5, and 5-trimethylethylene carbonate; 4-aryloxymethyl 
ethylene carbonate, Aryloxymethyl ethylene carbonate derivatives, such as 4 and 5-diaryl oxymethyl ethylene 
carbonate; 4-methyl-4-aryloxymethyl ethylene carbonate, Alkylation aryloxymethyl ethylene carbonate derivatives, 
such as 4-methy 1-5 -aryloxymethyl ethylene carbonate; 4-acrylic oxymethyl ethylene carbonate, Acrylic oxymethyl 
ethylene carbonate derivatives, such as 4 and 5-acrylic oxymethyl ethylene carbonate; 4-methyl-4-acrylic oxymethyl 
ethylene carbonate, Alkylation acrylic oxymethyl ethylene carbonate derivatives, such as 4-methyl-5-acrylic oxymethyl 
ethylene carbonate; And the compound expressed with the following general formula can be mentioned. HO 
(CH2CH20) aH, HO{CH2CH(CH3) 0} b H, CH30(CH2CH20) c H, CH30{CH2CH(CH3) 0} d H, CH30 
(CH2CH20) e CH3, CH30{CH2CH(CH3) 0} f CH3, and C9H19PhO(CH2CH20) g {CH(CH3) 0} h CH3 (Ph is a 
phenyl group), CH30{CH2CH(CH3) 0} iC0{0(CH3) CHCH2} J0CH3 (the integer of 5-250 and g-j of a-f are the 
integer of 2-249, 5 <=g+h<=250, and 5 <=i+j<=250 among the aforementioned formula.) 

[0027] ** Water ** Solution The nonaqueous electrolyte of liquid this invention comes to dissolve an electrolyte in the 
non-aqueous solvent containing the compound containing the specific cyano ethyl group which consists of the non- 
aqueous solvent and electrolyte containing the compound containing the specific cyano ethyl group mentioned above, 
for example, was mentioned above. As an electrolyte used, if used as an electrolyte for nonaqueous electrolyte, all can 
usually be used. 

[0028] As an electrolytic example, lithium salt, such as LiPF6, LiBF4, LiC104, LiAsF6, Li2SiF6, UC4F9S03, and 
LiC8F17S03, is mentioned. Moreover, the lithium salt shown by the following general formula can also be used. 
LiOSO two R3, LiN (SO two R4) (SO two R5), LiC (SO two R6) (SO two R7) (SO two R8), LiN (S020R9) 
(SO2OR10) (here, even if R3-R10 are mutually the same, they may differ from each other, and they are the 
perfluoroalkyl radical of carbon numbers 1-6). These lithium salt may be used independently, and may mix and use two 
or more sorts. 

[0029] LiPF6, LiBF4, LiOSO two R3, and LiN (SO two R4) (SO two R5), LiC (SO two R6) (SO two R7) (SO two R8) 
and LiN (S020R9) (SO2OR10) are [ among these ] desirable especially. 

[0030] As for such an electrolyte, it is usually desirable to contain 0.1-3 mols /in nonaqueous electrolyte by the 
concentration of 0.5-2 mols/1. preferably 1. 

[003 1] Although the nonaqueous electrolyte in this invention contains the non-aqueous solvent and electrolyte 
containing the compound containing the above-mentioned specific cyano ethyl group as an indispensable constituent, it 
may add other additives etc. if needed. 

[0032] It is not only suitable as nonaqueous electrolyte for rechargeable lithium-ion batteries, but it can use the 
nonaqueous electrolyte concerning above this inventions as nonaqueous electrolyte for primary cells. 
[0033] 2 [ s ] degree ** The nonaqueous electrolyte rechargeable battery concerning pond this invention is constituted 
including fundamentally a negative electrode, a positive electrode, and the aforementioned nonaqueous electrolyte, and 
the separator is usually formed between the negative electrode and the positive electrode. 

[0034] As a negative-electrode active material which constitutes a negative electrode, any of doping and the carbon 
material which can be dedoped can be used for a metal lithium, a lithium alloy, and a lithium ion. Doping and the 
carbon material which can be dedoped are desirable in a lithium ion also in these. Such a carbon material may be 
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m^wbhtixa*). 'jf->A-f *>-d&M?>%m 
btx. o+v&coim. ftftmm%mtt®m^ 
htix^h. nizmzb-aimmmit. mm.& 

i)*?MX-t>&%b'<7Mmi*lX^&Zbfrl>. SftETfT 
WLZtix^i W?M *v-<mm<nrk*(r>%&b L 

xm%ztix^&. 

[0005] LtpLttifik. %®%b'e>ismsmt%* 
otgv \im9fflmct> ^ ro h ^1 , 

Ste^rje* 5 ®; 0 , «snrttcft* y f-?A>f ^-v<o 

Utt^cojfARjaHiH k A k'jtff L =Sr < =5r 0 , *flf »<0 
«8ifi**!t «ft*JllIO^»«» 

[00063 i«Jt», Wf«fc«efflS*l.6i<5«WM5<0 
ntv h tii-^-fl. ^ k^i 0 . ^MOffite 
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[0007] 

imtfffikL* o ttmmi *mmmmmiz 
mi. h Jt ft t , mm xwsmmBm * s atai vvt 
q&x'hixi*. mmnmjtfiMKmtfmmztL. mm 

[0008] 

<i. TK-*5$ [ 1 ] X'ttZtL&i>>TSXi-)UmZiStt 

RO ( R' 0) n CH 2 CH 2 CN [ 1 ] 

[00 0 9] Rli**. **ftl~10 

) 

[ooioiifc. we^n****** ma-ft* 

[ 1 ] T«Sn4^r/xf-;t«^trft^ftt. TIB 

-*5$ [2a] i^ti [2b] x'^kzti&mmmxx 

o= < X o= < X 



[2a] 



[2b] 



(it [2a] ifcll [2b] Rlfe±t>'R2(±** 
lK7*fcJ±|ITOl~6«7/I^/l^£jj*U Rlfci 
l>'R2(ip|— X'h -sTtSS: oTV>Ti>J: v\ ) 

[00 11] £ft.«MeTO»tt. TOUt L 

mt tzte-$ttmmcr>mtmk ixtmzmmi z t 
[0012] *imi. ass*** L-c&Jgy 

m%m'»tixvi-vAt : m&mco®-&M-im. mm 

ttfAZtz&Ztlb coM-SVncr, i ^-ftifrt #tf IE1I i: , mT 



(3) im2 0 0 0-2 4 3 444 

4 

[0013] 

TJ«W<lfc:»i#t.S. *»!Btffi^Nc«W»tt. ^7 
yxfvl^£#trft^£*#r*#*»8i:, tfflt 

[0014] j'T/x^SSr-S-trtfc^BJ 

LTUfFEHfcS [ 1 ] T'SSitS-ffr&fttfteffl 
10 Zti&. frfc, *HBBCfcv^v7yx^;l^lt(J-C 

HiCHiCNjff, 

RO ( R' O) n CH 2 CH 2 CN [ 1 ] 

(5$ [i] >t»fc*Nvc, r{±tk«, mmi-i ocom 

itm&foh^tisT SX.+ivmXfor) . ntiO-3 0 

[0015] Rb LTliu -Xf-A**, 
xf-A*, t*x;l^, 7nt*i. -fyrnhV^. 1- 
7°n^.-;uS» 2-Tu^-;l^ 1-rn 

ex/us, 2-7 , ptx;i^s, yf-zwa, -fvrf-zpat. 

20 t-7*3-;l^L l-Zf-^S. 2-7*7 i x;l- 

3-7rX/U£, 2-^1-2-Ta^xn^ l-*f- 

uyrohvw*, l-^f/w-rn^^^i. 1,2-^ 

^-/l/h'-yU*, 1-7'f-x;^, 2-7'f-x/L-g, 3-7-f-x 

fy/l«f«»l~l OOE 
*4fc(i4i-«7^^*fctt>'7yxf-;past«f4 

30 [00 1 6] r' tLximmmi-4<7)T)i<*is>m 
[0017] ism-** [ 1 ] x'^titmm^ 

Wlt lXte, && &f:Ztlhtt&9l&Wfh Z k WTZ 

/TcH3 0CH 2 CH2 CN 

- NCCH 2 CH 2 OCH 2 CH 2 CN 
rVH ^tiToC H 2 C H 2 C.U _J> 

C Hs O C H : 2 C H2 OC H 2 C H 2 C N 
40 NCCHzCHiOCHiCHiOCHzCHiCN 

[0018] ZtiWPX'tmzm Uvft^t IX 
ti s CH30CH 2 CH 2 OCH 2 CH 2 CNT'J)l.„ Z<F> 
ip*1WEHR* [ 1 ] ■CH3*lS5'7y'x*/l*£a 

[0019]^ if. m m 

*wm%t>#*mMMxu. mn-f&jH [ 1 ] x-m 

50 tffi^l»^7l<?f^^WJt LT, **VMi5lMc* 
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mmm-i-mmb ixmrnti z t #x*% t . 

» ££tMfc£ttHI^«^fl-* ) C» IX 0 . 0 0 
lfi*%JJLh, #4L<ttO. 0 1-9 9. 5fiji%, 

sfefc*4L<tto. oi~7o**%. mzmi< 
«o. o5~3osa%oar^^fLi>ii:* i a^ t 

fcTIS-ft* [ 2 a] [ 2 b ] ?3l3*i*WKK 

[oo2o] mmx-% ifMtxmk ixa. TEica** 

-ft* [ 2 a ] tfdt [ 2 b ] •C*&#lSWRKBx* 
[fc3] 

nfX* -CI* 

[2a] [2b] 

* [2a] [2b] 4". Rlfc e fc^R2ti**Jl 

R2(i|5)-T'J)->-CtS : 5r->TV'>Tt iv\ dc04>t'T 

[002 1 ] Mie-ft* [ 2a] * fcU [ 2 b ] 

#-#*-K rntl/y^-^-b, l.2-7"f-b- 
y#-**-K 2,3- yfi/y*-**-h> 1,2 
yf-ky#-;K*-K 2,3 - ^yf-P-ytf-tf*- 
K t'xuy^-tf^-F&y^ff^i-u.. m 

/Hi 2 «Ohfi£ LTffiffl LT t i V 
[0022] IWiXf;^ LT Jlttttttli. 
f-/k*-jK*-K **/Uxf-jlo&-#*-K a*** 

-f V7"DtVM?-**-K x?-A'Tne/k&-#*- 

[0023] ZCOX 0%®Vim*AT>Wf}F*®1&* 

iz^ttlX^lb. ##mmco'%&t:i&<tz>ztff 

znfzfrn^ytmwbm. texts, mm. m&izti 
mtz&g-tizttfX'Zi* 

[0024] ftitimt tTBifie-ft* [ 2a] itzli 



4) ^2000-243444 

6 

[2b] "C«SfL*il«iJa»x^T;W3 it^/4feli« 
SRKaf/l'il^StStt, filE-ft* [ 1 ] xm 

(MiB-ft* [ i ] xmntii^T/^ivm 

t^tHk^ftfc . Mie-ft* [ 2a] ifctt [ 2 b ] X 

T/^tcomm) khlto. oo imm%&±. m 

KiiO. 0 1-9 9. 5MM%. $4>(C#4L<{i: 

o. oi-7oas%. m&tL<\io. 05-30 
10 mM.%<DS.x^itix^hztimiU\ 

[0025] mi. 0 %m&misxmz-&r& [ 1 ] x 

mtihisT Vxf-/i^££trtt&fta«*ii£*triMc 
fc. frte-ft* [ 2a] <fcJ4 [ 2 b ] 

&mn. mmxiiix. wburkx^t/p : ««k 

BllXfW 5 . 0 : 1 0 0- 1 0 0 : 0 , if 4 L< It 
20 5 : 9 5-9 5 : 5. !ft(Cj!?4 t- < J£ 2 0 : 8 0-8 
5 : 1 5X'$>1. 

[0026] LtA«ot. *»fflfc»*>S#4U*Mt 

tSKu. frte-ft* [ i ] ?*s*i*S'7vxf-/p££ 

fctMfc&Bli:. flE-ft* [2a] 4fc«4 [2b] 
§^S8^Ua8x^r;i/&t>'/Xtifrie«ttKiS?xxr 

ixfc<&mztix^mmzz ^zm-^m 
mtizbh^mxhi. mx'zmmnmbLxM 

fomzli, tftK-X^K JMRxf-^, «iS7Dt;k B 
30 ftx*/K PKx^;p. Blfcrne/l/. rat°^yi8^ 
f-^, To t'^- yijxf-;^ fcolS^xxf^ ; 'J >" 
Sh'J^^/^f'cOUyffixXr^ ; ^h^i^x^ 
y&fc*tf)$tfx~ fyp ; fh7tHD75 y^rifco^ 
ttx-r^ ; ^f-^*;PATS K^ifOT S H ; ^ 
- N,N - V-bb'OWfctJ-** 
- h ; r - o 5 9 Y Vttb'OJWRx.Xf-iV ; XyP 
*?y%b'<7)mViA>l>*> : N-^f/Wt/'JyV 
y^t'cOIS^-^'y - h ; N - ^ f-yptra U F >-=5rt' 
<mW 5 H ; N.N-y^fWi^/'Ji'V^fW 
40 fUtf^T; 4.4-xVf-;P-5->f-Uyxf-l/^-# 
h,4-^ f-;P-4-xf-^-5-^< f-l/yxf-^y^-^' 
^— 4-^f/H-7nt;k 5->f-Vyxf-ky* 

--•K^- h , 4-^f-yk-4-rf-;i^-5-^f-u-yx^-uy^ 
h , 4,4-v'x^-5-^f-uyxf-p-y^-,-K 
^- ^ , 4-xf-;l/-4-7°o fl/yifl/y*- 
4-xf-;P-4-y^/l^5-^f-W-yxf-^y*- 
V , 4,4-y'7o tr;P-5-^ f - u yxfuy^ -,t* 
*- h . 4-rn tvu-4-7>;i~5-^ f-i^ yxf-uy^- 
h . 4, 4-^*7 r f-/P-5-^ f-pyxf-wy^f-^* 
50 — 4,4-^f-;P-5-x^U7 ; yx^-u-y*-,if^- 
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h , 4-* f-/L-4-Xf-/k-5-X^- y f>xfi^ y 

l- , 4-j>t ;P-5-xf - y f^xf u y 

1- % 4, 4-i/*xf-;U-5-xf - y ryx^-U- y# 

h . 4-xf-;u-4-ro tvp-5-x^- y fyxfi/ 
y#-#*- h . 4-xf-;w-4-^f-;P-5-xf- y ryxf- 
v y#-#*- h , 4, o hvt-5-x^- y -fyxf- 
y y# b , 4-7'n Vjls-4-7J-)l-5-X.1- >J r y 
X^ytf-tf*- h . 4,4-i'7f/H-xf y r yx 
^yy#-**- K 4-^^-4-h'x;U-5-^^l^-yx 

^y#-#*- K 4-^^-;P-4-r y;i/-5-^f-^yx 
f-wy^-^-h, 4-^^-4-^ h^-y^f-zu-s-;* 
fi/yifl^y*-^-h, 4-*f-;l'-4-7?y;M- 

Jf^^;W-5-^f-pyxf-L-y*-^—h, 4-^^- 
/P-4-T y /I/* * ^ <j-)Wi-* ^-V yifl^y^/-^ 
-K ^^®K«Kxxr/W: 4-fx^x^y;* 

-#*-K 4,4-yt-/HfW/*-^-K 4,5- 
i^h* x/Px^V y h & b'<D t" x ;i^xf- V yf] 

-it^-YWmk : 4-t*x;w-4-^<f-;l/Xf-vy^-^ 
*-K 4-b'x;U-5-^^xf-i^y^-^-b N 4- 
h"x^-4,5-^^xf-L-y^-^— b . 4-t*x/k- 
f-/l/Xf- y y#-**- h . 4- t'x/W-4, 5 , 5- 
hVX f-^x^y y#-#*- b&ifOT/yfrA-g&t: 
x^xf-ixy#-**-bf&£ft; 4-ry;^^^ 
fvPxf-y y#-#*- K 4, 5-y'T y ;M"* ^ f-/U 
xf-i/y^-^-h^:ifory;W^i/^f-;kxf-v 
y#-tf'*- M^tt : 4-^f.;p-4-7 y /M^i^f- 
/ixf- y y^-tf*- h . 4-.x f-;i^5-r y y ;>< 
f-^xf-y y#-#*- h =Sr itt>TA«*/l<»«7 'J /y* 
^y^^xf-yy#-**-H-PMfc ; 4-7? V)V 
^y-XfVPXf-yytf-tf^-K 4,5-7? U/M - * 
>-*J-ll>x.j-U>ti-#*-h%b'cOT7 OiUttisX 
f-^xf-p-y^-^^-M^f* ; 4-;*f-;y-4-7? y 
/y^y^f-zi/xf-yytf-tf^-K 4-^f-;^-5-r 
? y^sfdf y*^Axf-y y#-#*- h&fc"«97/y* 
;HH*7 7 y /yt^y.* f-^xfi/y* h |gg 
* ; ts£xsTm-%tax-mbztiz>ititm%£zmf 

&ZbffX'*&. HO (CH2CH2O) .H, HO {C 
H2CH (CH 3 ) 0} b H, CHsO (CH2CH2O) 0 
H, CHsO {CH2CH (CH3) 0(d H. CHsO 

(CH2CH2O) e CH3 S CH3O {CH2CH (C 

H 3 ) O) f CHs, CgHigPhO (CH2CH2O) g 
ICH (CHs) 0} h CHs (Phli7i-;H) , C 
H3O {CH2CH (CHs) O} iCO {O (CH3) C 
HCH2} jOCHs (flrlEcOsW 1 . a~fli5~2 50 
comk. g~jtt2~2 4 9«£g£, 5Sg+h^25 
0, 5s£i+ j ^250TAS. ) 
[0027] # * « 81 ffi 

#3^<^*Wfi«±. fraiL^^tfo^ryxf-^* 



5) «fM2 0 0 0-2 4 3 4 4 4 

8 

a**** h iwmmzWM&mm lx & s *> cot* 

AW"* 

[0028] WffWMMfcLtli LiPF 6 . Li 
BF4 N LiCl04. LiAsFs. Li 2 SiF6, Li C4 F 
9 S O3 , L i Cs F 1 7 S Os&i* <0 'J J&fflWfblX 

10 ifctf-CSS. L1OSO2R 3 , LiN(S0 2 R*)(S0 2 
R 5 ) , LiC(S02R 6 )(S0 2 R7)(S0 2 R 8 ). LiN 
(SO2OR 9 )(SO 2 ORi0) (Cd-Cs R3— RlOfct 5 

[0029] i^f><7)rt. WC, LiPF 6 » L1BF4, 
LiOS02R 3 . LiN(S0 2 R 4 )(S0 2 R 6 ) s LiC(S 
02R 5 )(S0 2 R7)(S02R 3 ). LiN(S0 2 0R 3 )(S 
20 02 0Ri°)#iff£U\ 

[0030] iO<t-5^«S?KW. 0. 1~3^ 

VJ7h/k 4f*L<(i0. 5~2WJ7HW 

[0031] xmtm&fwwiimtis ±.m%.(?> 
mmztotxMw 

[0032] ja±<oi 3 ^*%bb(cis h iwmm\t . 
y f">A>r ^- yz:<^m<nmmMk t Lxw&vb 

30 £if 0 T=Sr< . -»:mjMo#7K«»?Rt LT tffl^ 

[ 0 0 3 3 ] z. 'A n m 

mim*wmt ^mmiz^xmm^tixts o . 
M&nfeb]E&t<omizwu-?tmvt>tix\ l '>&. 
[0034] fimmfctmrntsmt ix&. &m 

yf-7A, yf"7A^. yf-^A^jj-y^K-r-itt 
*>'•<:••# s . iix^co+Tt y-f^A-f^y^ f-^-k 
%#mmit* ?y7r<i hvbixwt&mmx'h 

[0035] amstoftt tx. mizxummx-m&i 

tz ( 0 0 2 ) ffi^ffiHaf! ( d 0 0 2 ) #0 . 3 4 0 n m 

MTcommwrn i < J 1 . 7 o § / c m 3 
a±.xh h m&t td±ztu,z$:\, #f **isiMt 

«ffi«x*/l^r-»e*K<-r*£i: 
50 [0036] EflSS-ffifiK'tSjEffi^Wi: IXii, Mo 
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Si, TiS 2 , Mn0 2 , VaOB^ifW^ftSUWt** 
M&ffi&mmt®>. LiCoCh, LiMnOz, LiMm 

[0037] -teKU— ^(±^?Ltt^T'J>o-C, Mim 10 

[0038] ;o«t a^Mcwwaza^Ki. r« 
t* o . s wice txmmmm-tz t & . & 

[0039] mm. H<Bffi^*«wjsz<>«a<o«^ 

2.. 

[ o o 4 o ] 4fc , *«Wfc:ffi*^N<«!?«i:a«» 
«±, 3>f ^^wiatiKWfittaffl-tscik*^ 30 

[004 1] 

imm] hit. mmm&zvwim*Mix*%,m 

[0042] 

[»i] <**«WRowH>rpei/y*-!K* 

-b (PC) fc>Xf-/M>-#*-h (DEC) 40 
PC : DEC=5 5 : 4 5 (MSit) Ut 

ft, -r <r>m&\m 9 9 mmmzM LXTK&x*h s n 

§t"X (2-^7Vxf-/P) x-r;l/ (2CE-E) £1 

£ftgH&&n u 2 c e - e crymmmm^w (pet 

DECt2CE-Efc<7)^ft») £#fLT 

4 <t 5 #***£WRU:. <Kte«J*SfC** Li PF 

NCCH2CH2OCH2CH2CN 

[0043] <nm<nm>*M*f* < «o mv* v# so 



#^32 0 0 0-2 4 3444 
1 0 

-X>-?4 ?nt'-Xffi,Bi« ; MCMB6-2 8, d 
002 = 0. 337nm, fS2. 17g/cm 3 )<7) 

k*»*9 oms^ , mmt Lxnmv y ntex 

UfXPVDF) 10S*9fc£8£U ?S»0N- 

2 0;um««ttfflfgs»aaB«#fc&wu 

[0 044] <iEffWft«>*S>-5*/l' (ft) S<7)L 
iCoOa (gA«: HLC-2 1, ¥^&S8/zm) 

fsa^isiafc, wmttix<?>77-7T4h6n. 
Mat. t&mtvxotfvy vitv-VTy (pvd 
f) 3aaa5k*^Lt]EK^3w*iWL. n-** 
tyvwj FyizftmzitxjEm&Mzyv-mte. z 

COXyV-ZW-Z 2 0 jum<0»*T;P5x^AfSH]ES 
[0045] <«fitf)f38>i«?5J:^(cLTfttflfcn 

«Kfl**jj:^n«miEffi. §^»t/i§2 5^m, mm 

•feA'U-^&fflSt^. Xry^^i!^2 0 3 2D--fX 

-e^ft, m^rtfcXryP^iS^ (W§2. 4m 
m, BfSl 5. 4mm) SrKXttU ^^tC^UrotV 
yiS!c7)^X^-yh$-^LT, «i« (*) *A»L»fc. 

m 3 . 2 mmOW yS#*«M^Zl^mffiM#^^ 

[0046] <a«^*cOSJ^>-Wj; 0 tz LX'&hti 

tznmmmMM.^m^zx<'K(r>^mxm& uz . 

fc. 3E«Ji. 4. iv, 1 mAjeiaBe«ffi*«*ST' 
*««8S* { 5 0 AtAlilT^^o^^T'^Ti L 
fc. IWtt. lmA*>Jg*irCfTK «E#2. 7V{C 

co^^mil>z9pUz. 

izmmim (%) = iummm (mAh/g) > / 

(mAh/g) } X 1 00 
[0047] 

[SIMM 2] njfcpiifcfcvvt, fx (2-yryxf 
x-r^coft*>otTia^t*^s^§t'^ (2-x 

ryxNdfi/) x^y ( 2CE-EG) SrffifflL^l^h 
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1 1 



1 2 



<wm&fft\ mm i t mmz ixmmoiammm 

Ufc. 1 WESUy*. 

NCCHzCHjOCPhCHaOCHzCHaCN 
[0048] 

[*ttW3].Sat«lti3V^. t'X (2-yr/xf 
y7yxf;H-f/l' ( 1CE-MOH) £ffiJBUfcJ2l 

Wi^Jfcfli 1 1 H«H~ t T , ^MctKttoHClfe J: V« 

**HHBLJt. 1 tc*b*\ 

CH3OCH2CH2CN 
[0049] 

yryif;n-f^ ( ice-eoh) 
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CH3CH2OCH2CH2CN 

[0050] 

imm5] satwuctj^t, t"x(2-^ryxf- 

-i/Tyxhdf^x^y ( 1 CE-MC) SrffifflLJtm 

*<of38tff^. mmmi tmizixmrnvizmw® 
CH3OCH2CH2OCH2CH2CN 

[005 1] 

[Jtiswi ] fx (2-^ryxf 

mmi tmmiztxmmcoimMwmzmmLtz 
ztkiizmb?. 

[0052] 

mi) 







»»fi£t (ttfttt) 


40 0 
(X) 


2 * -r 0 g 
<*> 


PC + D EC* 






2CE-E 


9 9 


1 


7 2.2 


9 4.4 


nmm2 


2 C E - E G 


9 9 


1 


7 6.2 


9 5.8 




1 C E -MO H 


9 9 


1 


6 7.9 


9 4.8 


mnm* 


1CE-EOH 


9 9 


1 


6 9.4 


9 6.1 


nmms 


1 CE-MC 


9 9 


1 


8 4.5 


9 2.9 






1 0 0 


ft u 


2 6.2 


9 6.4 



* PC: DEC = 5 5 : 4 5 (ftftit) 

[00 53] 



iz&iihmwftmz&tiT^h. tot, ;^*«» 



F?~A(##) 5H003 
5H029 



AA01 BB01 BB02 BB05 BC06 
BDOO 

AJ02 AK02 AK03 AL06 AL07 
AL08 AL12 AM02 AM07 BJ03 
DJ09 EJ12 HJ01 HJ13 
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graphite, or may be amorphous carbon, and activated carbon, a carbon fiber, carbon black, a meso carbon micro bead, 
etc. are used. 

[0035] As a negative-electrode active material, a carbon material 0.340nm or less has the desirable spacing (d002) of 
the field (002) measured especially by X-ray analysis, and the high crystallinity carbon material which has a property 
near the graphite or it whose consistencies are three or more 1.70 g/cm is desirable. If such a carbon material is used, 
energy density of a cell can be made high. 

[0036] As positive active material which constitutes a positive electrode, the multiple oxide which consists of a lithium 
and transition metals, such as transition-metals oxides, such as MoS2, TiS2, Mn02, and V205, or a transition-metals 
sulfide, LiCo02 and LiMn02, LiMn204, and LiNi02, is mentioned. Also in this etc., the multiple oxide which 
especially consists of a lithium and transition metals is desirable. When a negative electrode is a lithium metal or a 
lithium alloy, a carbon material can also be used as a positive electrode. Moreover, the mixture of a lithium, the 
multiple oxide of transition metals, and a carbon material can also be used as a positive electrode. 
[0037] A separator is the porous film and a fine porosity polymer film is usually used suitably. Especially, a porous 
polyolefine film is desirable and the multilayer film of a porous polyethylene film, a porous polypropylene film or a 
porous polyethylene film, and polypropylene can specifically be illustrated. 

[0038] Such a nonaqueous electrolyte rechargeable battery can be formed in the configuration of cylindrical, a coin 
mold, a square shape, and other arbitration. However, the basic structure of a cell depends and is the same as a 
configuration, and a design change can be performed according to the purpose. Next, although the structure of 
cylindrical and a coin mold cell is explained, what described above the negative-electrode active material, the positive 
active material, and the separator which constitute each cell is used in common. 

[0039] For example, in the case of the cylindrical nonaqueous electrolyte rechargeable battery, through SEBARETA 
which poured in nonaqueous electrolyte, the negative electrode which comes to apply a negative-electrode active 
material to a negative-electrode charge collector, and the positive electrode which comes to apply positive active 
material at a positive-electrode charge collector are contained with the cell can, where [ of winding and a winding 
object ] an electric insulating plate is laid up and down. 

[0040] Moreover, the nonaqueous electrolyte rechargeable battery concerning this invention is applicable also to a coin 
mold nonaqueous electrolyte rechargeable battery. By the coin mold cell, the disc-like negative electrode, the separator, 
the disc-like positive electrode, and the stainless plate are contained by the coin mold cell can, where a laminating is 
carried out to this sequence. 
[0041] 

[Example] Hereafter, although this invention is concretely explained through an example and the example of a 

comparison, this invention is not limited to these examples. 

[0042] 

[Example 1] After mixing preparation of nonaqueous electrolyte> propylene carbonate (PC), and diethyl carbonate 
(DEC) at a rate of PC:DEC=55:45 (weight ratio), 1 weight section addition of the bis(2-cyano ethyl) ether (2 CE-E) 
expressed with the following type to this mixed solvent 99 weight section was carried out, and the non-aqueous solvent 
was prepared so that the amount of 2 CE-E might become 1 % of the weight to the whole (total quantity of PC, DEC, 
and 2 CE-E) non-aqueous solvent. Next, LiPF6 which is an electrolyte was dissolved in the non-aqueous solvent, and 
nonaqueous electrolyte was prepared so that electrolytic concentration might become in 1. and 1.0 mols /. 
NCCH2CH2OCH2CH2CN[0043] the carbon powder 90 weight section of the meso carbon micro bead (trade name; 
MCMB 6-28, d002=0.337nm, consistency 2.17 g/cm3) by <production of negative electrode> Osaka Gas Co., Ltd. and 
the polyvinylidene fluoride (PVDF) 10 weight section as a binder are mixed, and it distributes to N-methyl pyrrolidone 
of a solvent — making — a paste-like negative electrode ~ a mixture ~ the slurry was prepared, next, this negative 
electrode — a mixture ~ the negative-electrode charge collector with a thickness of 20 micrometers made from band- 
like copper foil was made to apply and dry a slurry, and the band-like carbon negative electrode was obtained, the 
negative electrode after desiccation — the thickness of a mixture was 25 micrometers. Furthermore, after piercing this 
band electrode to discoid with a diameter of 15mm, it pressed and considered as the negative-electrode electrode. 
[0044] the LiCo02 (product name: HLC-21, mean particle diameter of 8 micrometers) particle 91 weight section by 
<Production of positive electrode> Honjo Chemical, the graphite 6 weight section as electric conduction material, and 
the polyvinylidene fluoride (PVDF) 3 weight section as a binder - mixing - a positive electrode - a mixture is 
prepared and it distributes to N-methyl pyrrolidone - making - a positive electrode - a mixture ~ the slurry was 
obtained. The positive-electrode charge collector made from band-like aluminium foil with a thickness of 20 
micrometers was made to apply and dry this slurry, and the band-like positive electrode was obtained with compression 
molding, the positive electrode after desiccation — the thickness of a mixture was 40 micrometers. Then, it considered 
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as the positive-electrode electrode by piercing this band electrode to discoid with a diameter of 15mm. 
[0045] <production of a cell> — the disc-like negative electrode obtained by doing in this way and the disc-like positive 
electrode, and the separator which was able to be further done from the fine porosity polypropylene film with 25 
micrometers [ in thickness ] and a diameter of 19mm were prepared. After carrying out the laminating of each in the 
sequence of a negative electrode, a separator, and a positive electrode into the cell can of 2032 sizes made from 
stainless steel, said nonaqueous electrolyte was poured into the separator. Then, in the cell can, the plate made from 
stainless steel (the thickness of 2.4mm, diameter of 15.4mm) was contained, and the cell can (lid) was closed through 
the gasket of further the product made from polypropylene. Consequently, the airtightness in a cell could be held and 
the carbon button mold nonaqueous electrolyte rechargeable battery with a diameter [ of 20mm ] and a height of 3.2mm 
was obtained. 

[0046] <Measurement of discharge capacity>, thus the obtained discharge capacity of a rechargeable battery were 
measured by the following approach at the room temperature. In addition, in this example, the direction of a current 
where Li ion is doped by the negative electrode was considered as charge, and the direction of a current dedoped was 
considered as discharge. Charge was performed by the 4.1V or 1mA constant current constant-potential charge 
approach, and when the charging current became below 50microA, it considered as termination. Discharge was 
performed by 1mA constant current, and when the electrical potential difference amounted to 2.7V, it ended. From the 
charge capacity of this charge-and-discharge cycle, and discharge capacity, charge-and-discharge effectiveness was 
calculated by the degree type, and that result was shown in Table 1 . 

charge-and-discharge effectiveness (%) = {discharge capacity (mAh/g)} / {charge capacity (mAh/g)} xl00[0047 — ] 
[Example 2] In the example 1, like the example 1, preparation of nonaqueous electrolyte and production of a cell were 
performed, and the charge-and-discharge effectiveness of a cell was evaluated like the example 1 except having used 
the bis(2-cyanoethoxy) ethane (2 CE-EG) expressed with the following type instead of the bis(2-cyano ethyl) ether. A 
result is expressed to Table 1 an account. 
NCCH2CH2OCH2CH2OCH2CH2CN[0048] 

[Example 3] In the example 1, like the example 1, preparation of nonaqueous electrolyte and production of a cell were 
performed, and the charge-and-discharge effectiveness of a cell was evaluated like the example 1 except having used 
the methyl-2-cyano ethyl ether (1 CE-MOH) expressed with the following type instead of the bis(2-cyano ethyl) ether. 
A result is expressed to Table 1 . 
CH3OCH2CH2CN[0049] 

[Example 4] In the example 1, like the example 1, preparation of nonaqueous electrolyte and production of a cell were 
performed, and the charge-and-discharge effectiveness of a cell was evaluated like the example 1 except having used 
the ethyl-2-cyano ethyl ether (1 CE-EOH) expressed with the following type instead of the bis(2-cyano ethyl) ether. A 
result is expressed to Table 1 . 
CH3CH2OCH2CH2CN[0050] 

[Example 5] In the example 1, like the example 1, preparation of nonaqueous electrolyte and production of a cell were 
performed, and the charge-and-discharge effectiveness of a cell was evaluated like the example 1 except having used 
the methoxy-2-cyanoethoxy ethane (1 CE-MC) expressed with the following type instead of the bis(2-cyano ethyl) 
ether. A result is expressed to Table 1 . 
CH3OCH2CH2OCH2CH2CN[0051] 

[The example 1 of a comparison] In the example 1 , like the example 1 , preparation of nonaqueous electrolyte and 
production of a cell were performed, and the charge-and-discharge effectiveness of a cell was evaluated like the 
example 1 except having not added the bis(2-cyano ethyl) ether. A result is expressed to Table 1 . 
[0052] 
[Table 1] 
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[0053] 

[Effect of the Invention] The nonaqueous electrolyte of this invention can control low the reductive cleavage of the 
solvent which happens when high crystallinity carbon, such as a graphite, is used for a negative electrode. 
Consequently, the rechargeable battery using this nonaqueous electrolyte is excellent in the charge-and-discharge 
property, the load characteristic, and the cell property in low temperature. Therefore, especially this nonaqueous 
electrolyte is suitable as nonaqueous electrolyte for rechargeable lithium-ion batteries. 



[Translation done.] 
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